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(57) Abstract: A waveguide type 
variable light attenuator having a 
small polarization dependent loss. A 
polarization mode coupling is permitted to 
be -25dB or below by setting a waveguide 
bircfringcnt index (absolute value) at 
first and second optical coupler sections 
at 3.5*10 or more, and influence of 
polarization dependent loss due to the 
polarization mode coupling at a cross port 
of the first and second optical couplers 
is suppressed. In addition or merely, an 
arm waveguide length may be designed 
to be an integral multiple of a beat length 
obtained by dividing a wavelength of a 
using light by a waveguide birefringent 
index. 



WO 2006/075702 Al 111 111 II 111 ill 



j- IB SEP 2006 

WO 2006/075702 

w m m 

[oooi] *mwte, mm±<Dftmm&^M&£fttzmm&m^&ftmmmm'tz> 0 x 

[0002] ii<aW4ofe^:ofc«)^^(D3feiR«^fflv^c3fciK^^«a{f ^rA( 

'fb^M^-C, -ttb^^^VW^Sl'iK^^t^S!* MEMS (Micro Electro Mechanical 
Systems) SfnT^^^aSiOtWJ-CfcSo 

[0003] [2lg^fflv^T^^s]^M^r^3fe^s^cD^B^^^T5o msim^rtmm^mm^ 

101a, 101b, ^1CD^7°7102, 2*<DT— A^&j^l03, 104, ^rftbT— 
jRj»±l!:BBK$tLfctfc*BftiJ«I*105, JB20>Jfcfr:/91O6, W^»Jfti&107a, 107 

[0004] 189 W\ ±|E<0f£;*7A?afcifc 1 10i&Sj&ifc£*VCV ^Mm^M'^x,tz.m^<Dms 

mmm^mo3, i04<Dmmznmt-*iQ8&mm£*itcmf&kte'?x^z> o 
[0005] *<Dm&&m^&ftmimoo(D®ftmm*&TimmzMw-rz 0 Atim®. 



PCT/JP2006/300372 



WO 2006/075702 



PCT/JP2006/300372 



103, 104tC^A»tt5 o ^X,ft.m®mm05*M f ffil,tc.T-Jxm$imi03, 104 

&\ztem^<D&ftmKfccxm#<Dmxm®i&io7a, loiht^M^tm 
[ooo6] ±&<Dti$<9. mft^tom&m^fzftMtomm&M^mytm&mti. rw-fb* 

[0007] bd»Ufc*S6>, S£§gU:te, f»3fc^«i*Mv^fie3l5W#JftlSSiBraE*«««B:, 
Rr3E3t«3l*<Z>»S*Sri«^ , U7t^#lJ;, (polarization dependent loss 

«<D3t««StPDLt©i8«SrHlOlc*-ro I2ll0{^i-J;5fc, l5dB©3t«Si 
{C*5 V ^T4dBiff < <£>*#&PDL;^3g£UCV >6 0 3£^c«B#£>PDL^£ v ^ V»5 wfc 

[0008] rcoj;5^ ^©^KKliTO^^^ttWSE^^aS^^^fiSrii^Ufe 

[0009] ^#ff^t^l : Y. Inoue et al., "Polarization sensitivity of a silica waveguide thermo-o 
ptic phase shifter for planar lightwave circuits," IEEE Photon.Technol. Lett., vol.4, no 
.l,pp.36-38,Jan.l992. 

4¥%f¥[-3Cfsk2 : KIM et aL, "Limitation of PMD Compensation Due to Polarization-De 
pendent Loss in High-Speed Optical Transmission Links," IEEE PHOTONICS TEC 



WO 2006/075702 



3 



PCT/JP2006/300372 



HNOLOGY LETTERS, VOL. 14, NO. 1, JANUARY 2002. 

[ooio] *&w<d @ ittte, m&mm^ftmm&(Dm&foft&<DmM&Mmi-z>z.b\z 

coon] ±ie i M&mfc-rziztb, ^m<Dm\(owmt, mm±^M^titzm^x 
mi$£tizwm&m^mftmmmz%>\<^x. mm^^m^mK At>m&®. 

o 

[0012] rr-c, tfriE^i, m2<Dft*7 p y%Mf&i-zmy£#y7&ftx(DW&&<Dmmifx 
m<DmMm>3. 5x io~ 4 si±xh^t^mmt-r^t^x^ 0 

[0013] *fc, tummk^fDftz^tiK mm2*<nT-j*mfc&*m£\^xm$Lirz>j] 
m&&&&xhz^b&'®mb-rz,z.k&x%z>o 

[ooi4] SfjgET-^iKS&^$^. ^ffl^^^St^s^T-et l^XTkfrb 

^^~bM(Dmmmim^nx^^t^mt-r^t^x^ 0 
[0015] *fc, 0*l<{4, mu2^<DT~j>m^(D^<t^-^m^um^^m^ 

[ooi6] ^mxra, mmmm^yv^mmxh'o, ffim^&m^^tf?^®. 

[0017] ±te«/&(u;i9> *mwiz.£ti\'£s %WMn<D?T>um$Ltkftm ^i^tmm 

tools] mimi^^m(Dmi<Dmmmm(Dm^m^m^tmmm<Dm^^-r^ 



WO 2006/075702 



PCT/JP2006/300372 



mm m3BK*mw ©i i^mmwm^m^m^itWM^m^^m^ 

(pdl) k(Dmmz^in&viimxfoz> 0 
m7m7i^mm<Dm3(Dmmmm<Dm^m^m^mMm^f^mmMmt 
mfcfcftm*: (pdl) £<Dmi&&7jkirw&mxhz 0 

9< (PDL) b<Dm&&'7<-$-¥fftimxhZ) 0 



5 



PCT/JP2006/300372 



(pdl) t<Dmm**<-r<&i<£mx»3bz> 0 
[0019] (u^w^m^^^tu^^^Bt-r^tcM^m^m 

[0020] ^^^^^^^f^^^m^s^W^ii^^^b^v^^-efcs^^fi 

vt&&ffi(Dmiz&'<tz 0 xm*m. m&mw. ^^mmm^w^^m-r^ 

iosxmmm-iimzfrtt-&%kmm.moz, lowmm^ssb-rz. wwrfr. 
mmo9t&w.tejffa m9<D±jyfa)^\t.Bm;irz>zb&x%z>t)K mmo9t^n 
m9<Dmj}$o ~-n,m mzumztifo wvY) 1 1 lxm&ti 

rv^fcfe, Bm-fz>z.btfx%fo\ z.<D&3kbLx. mmio9(Dmmb^ff^^ 

3, 104<^H^T^i#^P$^ o tot, ^fc— ^108(DiiLTO^l^l03, 104 

[0022] z(D^wi±^\-x^m^t^mmm^(DU^^m-i, muK^-rx^ m 
yt¥#LteMwmo5 mmz.mmt—?io8) <Dmm^mtimtmi lo&m&irz 

<D%,mMmbPDLb<Dm&%mi2iz?f;-f 0 m9<Dmmmm<D-*i&ytMM&xtei5 



WO 2006/075702 



6 



PCT/JP2006/300372 



^imytmm^xm. 7dBt, PDL^^ur<Dm\^ux^xi^ 0 u>>u^b 

[0023] mmt— ?io8(Dffim\cmmistmii<DfotjMt&ffiiio^ wmt— piosxtk 

[oo24] m^. ft#77<Dm&^~vffi&^£%m&ikwmz.^\,^xmw-rz>o ^-m, 
ytij^bvx, ms^-rx.^ > 2*<Dm&&z&m^xmf&£ti%j7faVkm&m 
io2, i06^>^-r5 o -as*^ ^M^-t^am-m, mmm^m'o. m$i 

— KP^^^^^CSo *:<Dtz.ft, 1ofa\^^XU&\Jt?v^-~h%<D~W 

o o£9, ^-Y^w-^y^wnmm^m^^^xhxmts^x^ 2*<d 
&^~\?m&tffttettMi!t<D%<nfcM*mm~fz>o z.(DMat*. sir. ms&m^^ 

xmi<Dm£>mm&(wjjtf~h)io7aiztem^zmzik?za)i^ mi<DA^m^ 
moiafrbm2(DT—j±m&mo4%mx?5i<DMt)mi&mo7a^temttftte 



WO 2006/075702 



PCT/JP2006/300372 



*«Ki04^r^2<Da^*»jsio7btceiifti-S5tef43Jc^:(4) 
[0025] fau, ^^^j©JBitrwrrEi*^*,»2fTWrmj«5>Sr*-r. :A^; 

TE(TM) 

, 0 :Il(2)©7- A^S?8S103, 104lC33ltSTE(TM)fifc^Otfc*iaE 

1(2)TE(TM) 

[0026] Bfcl] 



f cos a - ./ * sin a ^j^j -tT cos a 7 • sin c 

\— j -sin a cos a J (7 -sin a cos a 

f cos a - 7 • sin a ^if cos a ^ ' ^ a Y ^ £ 1 

(- 7 • sin a cos a J (7 • sin a cos a A^zw J 



0 



(1 ) 



= (1 - K' 2 ) 



'TE e 



j&lTM 



[0027] Bfc2] 



7 sm a 
c os a 



cos « 
7 sin a 

cos a 7 - sin a 



7 • sin a 

cos a 



V e jeiT£ 
0 



0 



y jeiTM 



= -K 

(2) 

[0028] [«3] 



cos a: 
- 7 • sin a 

f cos a 7 ■ sin a 

[/•sin a cos a J'^tz-sina cos a 1/ 

f r„{e mn cos 2 2a + e'* 2 ™ sin 2 2a) + Jl^e'*"* -e J02ni )sm 2a cos 2a 
Jlrsi-*'* 2 ™ +* je ™ ) sin 2a cos 2a + /„, (e" OT sin 2 2a + e'* 2 ™ cos 2 2a) 



1 TE 
J 

1 TM 
^ TM 



cos a 
^7 • sin a: 
cos a 



j • sin a 

cos a 



7* 



cos a 7 • sin a V e JOiTE 



r 



\- j -sin a 



- 7 • sin a 

cos a 



7 sin a cos a 

f cos a 
^7 ■ sin a 



0 



0 <r 



7 • sin a 

cos a 



(3) 



{l TE eJ mTE cos 2a + jI m eJ m ™ sin 2a^ 
jI TE e jaTE sin 2a 4- I m e jeiTM cos 2a, 



8 



PCT/JP2006/300372 



[0029] BR4] 

1,-7-A, 



cos a - / • sin a "^yj cos a ; • sin a Y e-"* 2 ' 

- j ■ sin a cos a J ^ j ' • sin a cos a J( 0 

( cos a j ' ■ sin a ^ f cos a j - sin a Y I„ \ 

s . .M' . I , (4) 

^ j ■ sin a cos a J ^-sma cos a / 7A/ J 



= /Ai-Vl - k~ 



f I TE e je2TE cos 2a +jI m e je2TB sin 2a " 
K jI TE e J * 1 ™ sin 2a + I m e jnm cos 2a ^ 



[0030] ^l(DA^^KI2Sl01ad^^l(Dm^#jSBSl07a—<D^/V-#-hai^7«, ± 

5£(i)t±^(2)<^fq&£o-c, &5£(5)&fc3. 

[0031] QR5] 

7„fc -A^y*™ V' lw cos 2 2a + <^ 2 ™ sin 2 2a)}-y7 IM vV* 2re -^ IM )sin2acos 2a 
- jl„K l ( r e' nn + e> 9 ™ )ski2crcos 2« + /„, V* 1 ™ -A.- 2 (e>» OT siu 2 2a + c^ 2 ™ cos 2 2a)) 

(5) 

[0032]" ±i£(5) K*5^T, ftaUi<f5fc»fc3(^^9©«^«lxt^(BJS«^ 
[0033] QR6] 

a;- 2 = 1 ( 6 ) 

2 

[0034] w~tf~hMj]i>*MtbtiL$ti-&&flrt*> 2*©r- ^&s^e^^bv>t#-efo 

[0035] QR7] 

^./fira = :ra _ ^./tfiray _ e jeiTM ( ? } 

[0036] ±5* (5) ^±^(6)£±^(7)£ttALfc£3\ {-'«'{-±^(5 

TE TM 

[0037] [#8] 

( e J«n _ e i°™ ) sin 2a ( I„ sin 2a - cos 2a ^ _ f 0) 



jI TE cos 2a —I TM sin 2a J I 0 



(8) 



WO 2006/075702 PCT/JP2006/300372 

9 

[0038] ±^(8)frbmmmfcft&wtLx&i£(9)tfmm£tiz>o fluiii^**. 

[0039] [*9] 

sin 2a = 0 

*fctt» (9) 
9 ite — e iXM =2ni7t 

[0040] m»T-^*i6j&103{Oott5, T-A*&j&^S££L, * 

1TM ITE, 

,6 ,0 SSXXfiBttiVeftfc&ilO). (11), (l2)CDJ:9('^a$tL5 0 

ITE 1TM 



n iTE L 



[0041] [ffclO] 

&\tb =27r " iTE ^ (10) 
[0042] Hfcll] 

[0043] [#12] 

B=n lTM ~ "ITE < 12 > 

^^(10), Ul)£±iB^(9)cDTJ£<^(«T> ^2^^t5)(^AL> 

[0044] [#13] 

L = — m — (is) 

[0045] -fjfcb-fc, -hiB5£(9h (13)*»6>, 3te*^'9JC*5W'««SE i e— K^(sin 2a)iS 
Ofc*SA\tU ttT- AJStKJSoS* (L) dSffiffl ( A, ) #T (B) 

[0046] |HW*|C, 01OA^*!KS^lOla*^e>^2<D|]i^#jSj^lO7b^O^^-htU^ 

»*±* (3) £±3$ (4) m P^ioT^ (14) t*S 0 
[0047] [#14] 



WO 2006/075702 



PCT/JP2006/300372 



10 



. .J7~j( + e J " iTE ) cos 2a + 7/^ (<? ■ Wl ™ + e J01TE ) sin 2a \ 



1 4) 



[0048] 9vxi$—mt)&mMGK*z>4kftYz. 2*<DT-j>mte&&mmm%$L&<D 

[0049] BR 15] 



(15) 



[0050] ±5$ (14) mJ^C(l5)S^Abfct#, a^ttttfc0a**TK:»fc±5£(l4) =0 
[0051] [#16] 



- /trVl- a: 2 sin 2a 



- e 



) 



(1 6) 



[0052] ±^(l6)*^jS^#^#tU-C^^(l7)^tU$^ 0 
[0053] [#17] 

sin 2a = 0 

0, T u — 0 , TM =2m7t 



(17) 



[0054] ±^(l7)t±^C(9)«:^bV\ Lfc^ot, ±^(l7)/&^±^(l3)t>#<bnS 0 1~ 
**3*>, **^'9^*3»t5«» i e— K^(sin 2a)/550^5d\t)b<«T-A# 

®.<®<D&z (D joste/B^jftg ( ^ ) *mm&wm (b> r^oT^^ti^-hs 

£>&#{£ (m) T?fc*Ltf hm^*s J: Wn^aK— httJ^JOfll«[tfe#tttt» 

[0055] sx±(D^mcx<o. mm&w.^&%m^&£xf%7^y^<Dm&foftm:itofr 

[0056] mmz^rnvx, *&w<Dmm<Dj&m*mMK®m-tz> 0 
im<ommmi 

-^afj&g&ioa, 104, JtttfeT— A*ttJ»±lcE«Stufcttffl»Jfl#l05, I&2 



WO 2006/075702 



11 



PCT/JP2006/300372 



0**^9106, til;>3#&8&107b, »Kfc-*108, &£&f&*tmmilO&fr+ 

#7^102, 106fcb-CfflV^^|fiiJttlS-d«4rra— RfteUyfrft-fc, W#tf>^s£ 
[0057] 02lJiiai<oii-ii§JWfj»t?&54£^:WriiiiaS:^i-o »Wfcl§li^*W:«#ftflf 

^^fciaiio^tPic-cfcSo ^^Mi^tBifiejfeftfliffcoffiii^tt, gift* 

tm2O3te*^«r«l«i-**l*Iffie'&«l02, l06OS»IS1Sffl*r*Oilft*r«[Sr 
3. 5xi0" 4 ^±f;i82£LTVN5^-e$>5 o ---C% *Sftg&«®WBW:, ^(12)-CS 

TM TE 

n — n )"CfcS 0 

TM TE 

[0058] ^i£^tl<^&i& T mi*i£, Ea3A~3EOXiBBIS:ffiv^1«*{J:HJiW-r5o 

~ 2 

^^3oi,sio (-Geo zmn^tc^Ttf7xmm.*302%^Mnmmi-%( 

2 2 

[0059] 1, 000X;&±<DmMXtf9X<DmWik%fTtt o ^7^^^-301^302 

mmm^th^nmmvx^^ (gi3B#m) 0 
[0060] 7*hyy^97>rft^i!ftsjs;tt^^y^-^(RiE) (cior, 

xm304<Ds<#—>4k&?fte5 o ^*U£«fc»\ TSP^9yK^9^S303_t^3T305*S 

7«£nS(l2l3C#J$)o 
[0061] SiO ±SB^7yK^7^m^306Sr % X.&mmfe (FHD) tcJ:"?, TSB*9s>K;tf 9 

2 

^S303i=T305O±|fP{C*SS!-rS (B13D#^)o 
[0062] *«KiSiMlKte«:fT>fcV\ aW*±W^yK^9^Ji307*Sjgja**b/t«>C)5i 
*J»«[|iS*f^fii-fS(Bl3E#fla) 0 ±^9yK#?*S307KttK— ^h£J5&a]i- 



WO 2006/075702 



12 



PCT/JP2006/300372 



±M?7vYmm~$-z>) 307 tru^y^yfy^m (sir. TSB^^^Kii^-r?)) 3 

03am2(D^y^llUCM)t^ ^T305^|H2^&gS(=iT)l03, 104f£*j-J&L 
[0063] m&ffi&®$Tfe, =«T305O^it^, g&109, :nT#7X305, ^^#7*3 

03, 307*$<Dmmmmm. ^x^nh^^^mtum^w-r^o ^ofc&, 

[oo64] m&&m^%mM^*ifeWrrz>tz.mz.^ m3A-3Exmmi,tzj:mzM^x, 
±&?7vh*m307(nmm^mikm2izm^<vtcM%gK—?io8&£Tfm&nm& 

[0065] ^m<Dmmmm<D^w-m^3'r^m\^ ft^ztzm&fcft&m^v'fr 
zmm-r&tM^ ^-r^^^^x^m^-m^nrnvtzo *rc, *<d 

)m(Dmm^mmm^mmm)icKitm'r^tcibix^tM^x^ 0 *tc, m 

[0066] 3fe^^7l02, 106^(t6ii^-K^i, I sin2a I £-25dB*U 

dB-efeS 0 Lfc^oT, ^^^Sl5dBT'OPDL[4^^:(18)-e5Rfee>tLSPDLW 



WO 2006/075702 



13 



PCT/JP2006/300372 



[0067] [#18] 



PDL = ABS 



10 log 



1L 15 l ^ 
10 io + io io ,1 

2 



15 



10 10 -10 10 



£ i 



= 0.43 



(18) 



[0068] 04tc «i % #»K«jBw©i6*niasr3. 5 x io- 4 &x±imfe-rzz-b-e, 

7102, loe^fifit*— K^aSr-25dBWTl-i-5^t-Cfc«9, XfcriJRi*5J:V 
»2«53t*7 p 9*«^i-«*lRH4fe^«<o3f j&BUfiJS W (ti&HB) £3. 5 x io -4 

[0069] H5^ x *mw(Dm<DmffimmtL,x, nmz4¥mutm&&m^&ftm&& 

Z>m2. 5fg<Dllmm£bfc 0 
[0070] UBitetfdKLfc^RB&^aWtt, BUJfrfe^V^e^ (Senarmont) $|3t^T^#>fc 
£^3. 5X10" 4 T*foofc 0 m5{^-ri5{-, 15dB^B#<DPDO3:0. 4 

dB<t&<9, ^UJg^tUtO. 5dB^T^^bfc 0 

[0071] *nife^«-c», mim2im&zti&7*'Ux&mwimM^ftmii&bL,x 

<tt * 02«T^-f 5rt^J;0> 01i:El2lc^i-^W^^3fe^l'2/^i:b-C 1 bfiJ 

[0072] im2<Dmmmmi 

m*m}&temi&i:xfim2kmKx3bz>o mi(Dmmmmtm2<Dmmmm(Dmm^ 



WO 2006/075702 



14 



PCT/JP2006/300372 



, m2<DmmBn<DW®.\$, rT-i^&B&^ft^ mm^^mmmmmm 

[0073] m2<Dmmmmxn, ±^(i7)<Dm2^<Du^^m^mm-r^ 0 

[0074] *miMBnx*wmi-fcm$L& <Dmmffi i . 2 x io" 4 x^orc e ^m^, m®. 

^m^fXmm^m. 55(xm<Dm$i&-&ifc-tZ>V— hSfil2. 9mmtff-^ 

[0075] 126^, ±iai^ti-^#^fflU-C^^^^»lUfc^:^MMo^^"5r^^; 
mm^<nnM&kPnLk<Di®MM&%:*<~r 0 mefab, i5dB^R#<z>PDL^o. 9 
dBt, Utefflfcft&lrZb'b&mimMXZtzZbtfftfrZo 

[0076] im3?>MMMm 

^mm<Dm3(pmmmmh. ^9^^Mi^2^mmmmtm^<. 

mi<Dmmmm<D^mxh^mi^xxfm2<Dyt^^m^ir^fy^^(D 
m&w&miRm mmm £3. 5 x io~ 4 sx±^n^tc^.t j tm2<Dmmmm<Dm 
mx&&T—j>Mtm<o$:£*, mm?tfcnzm$i&mmvTxm^x$:ibbtiz> 
\f—Y^<DmwLm^wt^x\^z.h\<Dn^m^^x\^z.txib^o 

[0077] H|Jg{^»bfcJ»SEl&©*JB*ftt, 3. 5X 10~ 4 -C'feofc 0 T-A^«fSoS$J4 

[0078] ||»^^KLfc^3(0^ife^t80«»KM^*3l£«**0««fti:PDL 
fc^ffillgi^^i-o 15dB2»B#<£>PDUiO. 2dB x MtC25dB^I^T^PDL|4 
0. 6dBiffi*T/hSvHBl-«ilW"C#-CV^4:*s^»5o -tf>£?K> tf&l&ixmz 

(o^^^m^^\^^^(Dmmmmmmmnm)^3. sx i<r 4 « 
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[0079] tetotito&mmi 

[0080] m*.&. ±&(D*mw<D&mMMn-e\*, ^mktvx'X^mn^M^x^ 
mfry&&wm&<Dfcmmtvxte&fcmmm^Mz.hcwm (chemical v aP 

or Deposition) , VPE& (Vapor Phase Epitaxy) t£H(D^i® X'<y#W£i? 

[0081] *7c, ±3*<7>*»M©#Sll67^1»'Ctt, 3fcfr^9fcbT^lRltttlf'ft«&«3eur 
V^Sj&S, ^^—K^^M (Multi-Mode Interference) -^gfrgg, #*fffcX§t#l&8&& 

[0082] *fc, ^ya^&K±tJl7^J*bfc^^*^9^* 
% ^yn-y (silicone) , LiNbO t£EXfo^Xh*ftW(D±M<OBM\3Mm 
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mm^j&ftu&mK a^^i^, mi<Dft*^7, %*n%-tr?7^ mmmitm 

mzmi. m2<Dftz77K&tfzmfc*~m&tf-25dB&Txfrz^bz&m 

[2] . ttimmi.m2(D^7'7^mmir^m^y7U^x(Dm^m(Dmmmm<Dm 
Mm&3. sx io- 4 M±x&z^t&w&b^m&m\zmm<nm&&m^ft 

[3] mmmtm2<D%:i}7 : 7&, m^^r-j^^^mm^xm^-r^^ 

[4] mmr-^m^m^M^K mmftMzm&®mm&xm^x^tbbtiz>v~ 

Mm2*<DT-j*mm&<D<p?£<th-ximmm&&Mm^xi3<Q, »i^ytm 
mbi-zm#mt)>b5<D\,^Tti*^m®<Dmu&m^ftmm!&o 



WO 2006/075702 



1/6 



PCT/JP2006/300372 




WO 2006/075702 



PCT/JP2006/300372 



[123 A] 




[®3B] 




[HI3C] 




[EI3D] 




2/6 



[03E] 



WO 2006/075702 PCT/JP2006/300372 

3/6 



[134] 




O.E+00 1.E-04 2.E-04 3.E-04 4.E-04 5.E-04 6.E-04 



-C«5]- 



co 3 

"O 



10 15 20 

ftXSft (dB) 



25 



30 



WO 2006/075702 



PCT/JP2006/300372 



6/6 



[012] 
5 



10 15 20 

%*» (dB) 



25 



30 



INTERNATIONAL, SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
G02F1/01 {2006 . 01) 



International application No. 

PCT/JP2006/3Q0372 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
G02F1/01 (2006 . 01) 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2006 

Kokai Jitsuyo Shinan Koho 1971-2006 Toroku Jitsuyo Shinan Koho 1994-2006 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
I eee , JST7 5 8 0 ( jDr eam2 ) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 2001-507817 A (The Board of Trustees of 
Leland Stanford Jr. Univ.), 
12 June, 2001 (12.06.01), 
Page 15, lines 15 to 18 

& US 5920666 A & EP 1018044 A 

& WO 98/29769 Al 

JP 2004-133389 A (Fujikura Ltd.), 
30 April, 2004 (30.04.04), 
Fig . 2 

& US 2004-33002 Al & EP 1391761 A2 



1-3, 5, 6 



1-3,5,6 



I x I Further documents are listed in the continuation of Box C. I 1 See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered to 
be of particular relevance 

earlier application or patent but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 
document published prior to the international filing date but later than the 
priority date claimed 



"T" later document published after the international filing dale or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
14 April, 2006 (14.04.06) 


Date of mailing of the international search report 
25 April, 2006 (25.04.06) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 

Telephone No. i 



Form PCT/ISA/210 (second sheet) (April 2005) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2006/300372 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P, A 



Narevich, R., Heise, G., Narevicius, E., 
Vorobeichik, I., Dieckroeger, J., Wang, S., 
Krabe, D., Novel wide-band low-PDL integrated 
variable optical attenuator in silica-on- 
silicon, Optical Fiber Communication Conference, 
2005. Technical Digest. OFC/NFOEC, Vol.4, 
06 March, 2005 (06.03.05) 

Heise, G., Narevich, R., Simple model for 
polarization sensitivity of silica waveguide 
Mach-Zehnder interferometer, Photonics 
Technology Letters, Vol.17 Issue 10, 2005.12 



1-6 



1-6 



Form PCT/ISA/210 (continuation of second sheet) (April 2005) 



^ PCT/JP2006/300372 



Int.Cl. G02F1/01 (2006. 01) 



m^zn^Mcmmn mm^t^m (ipo ) 

Int.Cl. C02F1/01 (2006. 01) 



axm^mm^m 1922-1996^ 

&*m<&mnmmm<&m 1971-2006^ 

0*H^ffl«T3g»»^» 1996-200 6¥ 

s^m&M'MmmmAWL 1994-2006^ 



IEEE, JST7580 ( JDream2) 



C. 















Y 


JP 200 1 -5078 1 7 A (If • 5j?~ K • • — X • sJ->T • If v 


1-3,-5,6 




K- v^rL^T -ariA*— i/fj) 2001.06, 12, 






|1 511 5f?~l 8 fl & US 5920666 A & EP 1018044 A & WO 






98/29769 Al 




Y 


JP 2004-133389 A (^^^tfc:7v^5) 2004.04.30, [El 2 & US 


1-3, 5, 6 




2004-33002 Al & EP 1391761 A2 





a 5g L < « to 60 ^ i J 7k m ± * m fi: -r ^ J6 J c: 5 1 ffl i- 
zxm (3ffi*«r«i-) 



STUB 



14. 04. 2006 



25. 04. 2006 



B#ffl#3W (ISA/JP) 
g$l£#-*3- 1 0 0-8 9 1 5 



2 x 



3 3 14 



HAS 

«IS#* 0 3-3581-1101 |*S» 3 2 9 4 



KPCT/ISA/2 10 v 5 ) (2 0 0 5*4^) 



PCT/JP2006/300372 



P,A 



P.A 



Narevich, R. Heise, G. Narevicius, E. Vorobeichik, I. 
Dieckroeger, J. Wang, S. Krabe, D. , Novel wide-band low-PDL 
integrated variable optical attenuator in si 1 ica-on-si licon, 
Optical Fiber Communication Conference, 2005. Technical Digest. 
0FC/NF0EC , Vol.4, 2005.03.06 

Heise, G. Narevich, R. , Simple model for polarization 
sensitivity of silica waveguide Mach-Zehnder interferometer, 
Photonics Technology Letters, Vol. L7 IssueiO, 2005. 12 



1-6 



1-6 



KPCT/ISA/2 10 (JS2^-^OI!*S) (2 0 0 5^4^) 



